T he timely treatment of exposed sex partners is essential to the effective control of bacterial sexually transmitted diseases (STDs). Partner notification and patient referral are 2 methods used to achieve that goal. Partner notification is the process in which health care workers or disease intervention specialists (DIS) inform known sex partners of an infected index patient about potential exposure to an STD, and offer testing and treatment if necessary. 1, 2 In patient referral, or self-referral, on the other hand, the patient notifies and refers partners for testing and treatment. 2 Because of the higher cost of partner notification, patient referral is the more common practice in chlamydia and gonorrhea control. 3 As a means to expand patient referral, expedited partner therapy evolved. Expedited partner therapy is the process of treating partners of patients diagnosed with an STD without a clinical assessment of the partner. Patient delivered partner therapy (PDPT) is one form of expedited partner therapy where an index patient diagnosed with an STD is given medications to give to their sex partners. Nationally, the Centers for Disease Control and Prevention have endorsed expedited partner therapy but have also recognized limitations in its implementation including the potential for missed comorbidity, such as undiagnosed pelvic inflammatory disease, trichomoniasis, and HIV infection, in the treated partners who do not undergo a clinical evaluation. 2, 4 Additionally, because the evidence that demonstrates the efficacy of PDPT is limited to heterosexuals, national recommendations only support the use of expedited partner therapy in heterosexuals. 2 Because PDPT requires the provision of medication to a person (the index patient's sex partner) who is not evaluated by a clinician, the practice has uncertain legal status in many health jurisdictions. Currently, PDPT is permissible in 21 states. 5 In San Francisco, the health department began programmatic distribution of PDPT for chlamydia and gonorrhea in 1998. 6 California guidelines permit the use of expedited partner therapy in men who have sex with men (MSM) but does not advise for or against routinely using expedited partner therapy in this population. 7 In San Francisco, it is the policy of the STD control program to offer PDPT to the partners of patients diagnosed with chlamydia, gonorrhea, nongonococcal urethritis, and trichomoniasis, regardless of sexual orientation or gender of sex partners, if the sexual contact occurred within the prior 60 days. 8 PDPT has been shown to increase the proportion of partners who receive treatment. However, it has been harder to prove effectiveness. Some 9,10 but not all 11, 12 randomized trials using reinfection rates as an outcome have found PDPT to be efficacious. The higher partner treatment rates demonstrated with PDPT have led to its legalization in many states and resulted in the expansion of PDPT provision. Because of the high cost of efficacy trials and the fact that PDPT has become standard of practice, it is unclear whether additional effectiveness trials will be conducted. Therefore we evaluated the effectiveness of PDPT for chlamydia, nongonococcal urethritis (NGU), and gonorrhea using a "real-world" setting-a municipal STD clinic. Because we anticipated that patients receiving PDPT would be different than those who did not receive it, we adjusted for baseline differences in the groups using propensity score modeling. the first visit was included. As part of the standard visit at the STD clinic, clinicians collect sexual risk behavior history.
In this analysis, we examined whether receipt of PDPT for chlamydia and/or gonorrhea was associated with reinfection within 1 year. Reinfections were determined by matching cases of chlamydia and gonorrhea with the San Francisco STD registry (which includes all reported chlamydia and gonorrhea morbidity for San Francisco residents). Reinfection of Chlamydia trachomatis was defined as a diagnosis of chlamydia or nongonococcal urethritis, at least 30 days after and within 365 days of the original diagnosis. Cases of NGU were included because those case-patients are often presumptively treated for chlamydia and given PDPT before lab results are returned. NGU was a reportable condition in California until 2006. Reinfection of Neisseria gonorrhoeae was defined as a diagnosis of gonorrhea at least 30 days after and within 365 days of the original diagnosis. Reinfection events were not limited to those diagnosed at the STD clinic; reported morbidity from any provider was considered a reinfection.
All patients diagnosed with chlamydia and/or gonorrhea at San Francisco City Clinic are encouraged to notify their sex partners of exposure and to refer partners for testing. Additionally, clinicians offered PDPT to patients who reported that they were able to locate sex partners and were willing to provide them with medications. Patients who accept PDPT are given "Partner Packs" which contain safer sex materials, condoms, instructions for taking the medication, and medications for partner treatment. Partner Packs for female partners of chlamydia patients contain 1 g Azithromycin and Partner Packs for male partners of chlamydia patients contain 100 mg twice daily ϫ 7 of Doxycycline or 1 g Azithromycin. Both male and female partners of gonorrhea patients receive 400 mg Cefpodoxime. If a patient was diagnosed with gonococcal infection by a stat Gram stain, he or she was given a partner pack that contained both 400 mg Cefpodoxime and 1 g Azithromycin because chlamydial coinfection could not be ruled out at the time of diagnosis/treatment. However, if a patient had a positive nucleic acid amplification test (NAAT) for gonorrhea and a negative NAAT for chlamydia, he or she was only given 400 mg Cefpodoxime as PDPT. Although there is no limit to the number of Partner Packs offered per patient, clinicians encourage patients only to take Packs for partners they feel confident they can locate. Clinicians document the number of Partner Packs that are distributed in the patient's medical record. Patients who do not receive PDPT are encouraged to notify their sex partners of an STD exposure and urge them to be treated for STDs.
Sociodemographic and behavioral characteristics reported at diagnosis were compared between patients who did and did not receive PDPT using Pearson 2 and Fisher exact test statistics. To adjust for baseline differences between patients receiving and not receiving PDPT, we used a propensity score approach, a methodology useful in comparing nonrandomized groups. 13 Propensity score analysis involves calculating the probability that each patient would receive PDPT based on those factors associated with receiving PDPT and then utilizing these probabilities (or propensity scores) to adjust for differences between the PDPT and non-PDPT groups.
First, we used logistic regression with backwards elimination to estimate individual probabilities (propensities) of receiving PDPT. The estimated probability of receiving or not receiving PDPT was based on the following characteristics: patient's age, race/ethnicity, sexual orientation, HIV-infection status, whether the patient had multiple partners (2 or more in either the last 2 or 3 months depending on the year of visit), a history of injection drug use, anonymous partners in the prior 3 months, Internet partners in the prior 3 months, history of STD in the previous 3 months, whether the patient was symptomatic at the visit, diagnosing clinician (clinicians with at least 100 visits were categorized independently), and homelessness. Homelessness was not used in the propensity score model for gonorrhea, as there were no known homeless patients in this subpopulation. To assess model fit, c-statistic and overlap of box plots were examined. We then constructed 2 log-binomial regression models to estimate the effect of PDPT on reinfection of N. gonorrhoeae and reinfection of C. trachomatis separately. 14 These models estimated relative risks (RR) of reinfection, and their corresponding 95% confidence limits, adjusted for propensity score.
To examine the effect of PDPT among subpopulations the same method described above was employed in 3 groups of STD clinic patients: MSM, men who have sex with women (MSW), and females. In generating propensity scores for the MSW gonorrhea analysis, "Other" race was not included because only one patient fit this category. Additionally, HIV status was dropped from the model in this subpopulation because of unstable estimates because of low numbers. Although in the main analysis, clinicians with at least 100 visits received their own category, for the subpopulation analyses, the clinician variable was categorized so that less than 30% of diagnosing clinicians were included in the "other" category. Additionally, the "Other" race category was not included in the female gonorrhea model because of only one patient falling into this category.
For the analysis of the total populations, as well as for each subpopulation, we also looked at reinfection at 3 months, 6 months and 9 months. Additionally, as another subanalysis, we also limited the analysis to patients with only one reported partner at the time of diagnosis. Finally, in another subanalysis, we excluded patients diagnosed with NGU.
All analyses were done using SAS 9.1 (SAS Institute, Cary, NC). As these were deidentified records undergoing retrospective analyses for public health evaluation, this study was considered exempt from human subjects considerations by the San Francisco Department of Public Health in accordance with the Code of Federal Regulations, Title 45.
RESULTS
Between October 31, 2005 and March 31, 2008, chlamydia was diagnosed at 4418 visits and gonorrhea was diagnosed at 2115 visits at the San Francisco STD Clinic. Among the chlamydia diagnoses, 1911 (43.3%) of the patients were given PDPT. Of the chlamydia PDPT recipients, 7% of MSW received Doxycycline partner packs and 16% of females received Doxycycline partner packs; 63% of MSM received Doxycycline partner packs rather than Azithromycin because Doxycycline might treat incubating syphilis. Among the gonorrhea diagnoses, 921 (43.6%) of the patients were given PDPT. Patient characteristics are shown in Tables 1 and 2 . For patients diagnosed with chlamydia, the PDPT and non-PDPT groups differed significantly with respect to race/ethnicity, HIV-infection status, multiple partners in the prior 3 months, anonymous partners in the prior 3 months, history of injection drug use, and whether the patient was symptomatic at the visit (Table 1) . Among the gonorrhea diagnoses, the PDPT and non-PDPT groups differed among race/ethnicity and whether the patient was symptomatic at the visit ( Table 2) .
The crude relative risks (RRs) of reinfection with C. trachomatis and N. gonorrhoeae by PDPT status are shown in Tables 3 and 4 , respectively. PDPT was not associated with a reduced risk of reinfection for C. trachomatis (RR ϭ 1.04; 95% CI: 0.91-1.19) or for N. gonorrhoeae (RR ϭ 0.89; 95% CI: 0.72-1.10). When stratified by subpopulation (MSM, MSW, and females) there were no statistically significant reductions in risk of either chlamydial or gonococcal reinfection with receipt of PDPT in the crude analysis.
Examination of box-plots of propensity scores showed large overlaps, suggesting good balance between PDPT and non-PDPT groups (data not shown). Additionally, the c-statistic for each of the models was Ն0.6. After adjustment for propensity scores, PDPT was not associated with a reduced risk of reinfection for either C. trachomatis or N. gonorrhoeae, overall or within subpopulation (Table 5) .
When the study population was restricted to patients reporting only 1 partner at the time of diagnosis, the overall and subpopulation estimates were largely similar to the full study population and there were no statistically significant differences among patients who received PDPT and those that did not (data not shown). Additionally, the results of our analysis did not differ when we examined reinfection at 3, 6, or 9 months (data not shown). Analyses that excluded NGU did not differ from results of the full study population (data not shown).
DISCUSSION
Whereas randomized controlled trials are the gold standard to assess the efficacy of treatment, observational studies can estimate the effectiveness of an intervention once implemented in a real world setting. In this analysis, we utilized propensity scores, which calculate the probability of each patient receiving the treatment, to account for differences in the characteristics of PDPT versus non-PDPT groups. Twelve variables were used in the calculation of propensity scores. These variables included demographics and other covariates that may have influenced whether the patient was offered and accepted PDPT. The propensity scores reduce the bias of treatment selection to estimate the treatment effect on the outcome. 15 In this analysis, there was no reduced risk of reinfection in patients who received PDPT. When we examined subpopulations of females, MSM, and MSW, the risk of reinfection was not statistically different among those that received PDPT and those that did not for either N. gonorrhoeae or C. trachomatis. Our observational data are consistent with findings from other randomized trials. In a trial of the efficacy of PDPT on repeat chlamydial infections, Schillinger et al found a 20% risk reduction among patients who had received PDPT. However, this was not a statistically significant difference (12% vs. 15%, P ϭ 0.102). 11 Likewise in a trial in King County, WA, PDPT did not statistically reduce the effect of reinfection among patients with a chlamydial infection though a trend in this direction was seen (11% vs. 13%, RR: 0.82, 95% CI: 0.62-1.07); however, PDPT did significantly reduce the risk of reinfection among patients with a gonococcal infection (3% vs. 11%, RR ϭ 0.32 (95% CI: 0.13-0.77). 9 The efficacy of PDPT among women infected with Trichomonas vaginalis has also been evaluated; in this study, Kissinger et al found there was no significant difference in number of partners treated per index patient or in reinfection rates among women randomized to receive PDPT compared to standard patient referral though PDPT was more cost-effective. 12 In our study, reinfection was dependent on patients being retested within a year following the original diagnosis. In a passive retrospective cohort, this may have biased the estimate of reinfection. Patients' likelihood to return to the STD clinic may not have been independent from their risk of infection. Because higher risk patients may have been more likely to return to get tested, 16 this may have resulted in a bias of these estimates; how this bias may have impacted the observed effectiveness of PDPT is unknown.
The randomized, clinical trials measuring the efficacy of PDPT showed modest differences in the rates of reinfection among patients who received PDPT and those that did not. 9 -12 Given that the effect sizes in those trials were small, it may be more difficult to see a true difference in an observational study. A challenge in evaluating PDPT is the identification of an appropriate outcome. Although PDPT should reduce reinfection of the index patient if he or she is continually exposed to the PDPT treated partner, if the index patient has new partners during the follow-up period, the impact of PDPT may be minimal. As a result, the randomized trials may have seen a dilution in effect size because some proportion of persons getting PDPT would be reinfected by a new sex partner. Reinfection by the same partner is difficult to measure without the ability to type strains or perform follow-up testing on all infected patients. While all patients were not retested within 17 which could lead to a decrease in the population's burden of these organisms. However, we were unable to assess that outcome in this study. Additionally, propensity scores help adjust for confounding with respect to higher risk patients getting PDPT; however, there is still likely some residual confounding. Propensity scores do not adjust for unobserved covariates. 13 Therefore, because our study is not a randomized trial, the unobserved covariates may not be equally distributed among the groups who received PDPT and those that did not.
There were several limitations to this study. First, we assumed that patients who were given Partner Packs gave them to their sex partners and their sex partners took the medications provided. This may have introduced some misclassification into the analysis resulting in an underestimate of the effect of PDPT on reinfection, because patients who received PDPT but whose partners did not take the medication, would receive no benefit from partner treatment. Yet, our study was designed to examine the effect of PDPT when implemented programmatically, and we believe our results better represent how PDPT would be operationalized in a real-world setting. Another limitation is that the timeframe of reinfection used was 1 year. However, we examined shorter time periods and came to similar inferences when compared to the one-year outcome. Additionally, we were not able to determine whether reinfections were the result of sex with the original partner(s) as the index infection or as the result of new exposure from a new partner. The efficacy of PDPT in preventing reinfection is contingent on patient's providing medicines to the partners that initially infected them. If the patient acquires a new partner after the index infection, PDPT would not be expected to reduce the risk of reinfection. However, the molecular or serologic typing data that could help make this determination were not available. Also, unknown covariates that were not included may have also affected a patient's likelihood to get PDPT. Furthermore, given the modest effect PDPT was found to have on reinfection with both chlamydia and gonorrhea, our analysis was underpowered to detect small differences. Finally, the patient population at San Francisco City Clinic may not be generalizable to other areas.
PDPT represents an innovative public health intervention designed to increase partner treatment and ultimately reduce local disease prevalence and transmission. Our analysis of data from the San Francisco STD clinic could not measure any statistically significant effect of PDPT on the risk for reinfection. These findings are consistent with the modest efficacy measured in several randomized trials. 9 -12 However, the impact of PDPT on the community burden of chlamydia and gonorrhea is largely unknown. Examinations of how PDPT may influence population levels of disease, as well as reinfection rates, may help inform public health practice in reducing chlamydia and gonorrhea morbidity.
